Background: The emerging role of circulating microRNAs (miRNAs) as diagnostic and predictive tools has become fundamental and promising scope of cancer research. The link between the aberrant expressions of various miRNAs and the pathogenesis of Diffuse Large B-Cell Lymphoma (DLBCL) has been revealed by numerous studies.
Introduction
DIFFUSE Large B-Cell Lymphoma (DLBCL) is recorded as the most prevalent histological variant of Non-Hodgkin's Lymphoma (NHL) as it represents nearly one third of newly identified adult NHL cases [1] . DLBCL is characterized by diverse clinical presentation, histological features, immunophenotypic patterns and genetic characteristics, so variation in prognosis and response to therapy is anticipated [2] .
With the current use of Rituximab-based immunochemotherapy, over fifty percent of patients with DLBCL are considered to be curable [3] . However, there are some patients showing poor outcome even after recent therapy modalities and most of them suffer from refractory disease or relapse [4] . Therefore, it is essential to establish proper classification for DLBCL based on specific clinicopathological variables and new reliable prognostic markers, to ensure appropriate therapy for each patient [5] .
MicroRNAs (miRNAs) are non-coding RNA molecules that play a major role in cell proliferation, differentiation and survival by binding to complementary target messenger RNA (mRNA), resulting in mRNA translational inhibition [6] .
The discovery of miRNAs provides a new tool for the comprehension of DLBCL biology and the emergence of predictive biomarkers in DLBCL. Study of miRNA expression patterns may play essential role in identification of certain group of 2183 DLBCL patients with immunochemotherapy resistance and unfavorable clinical outcome [7, 8] .
MicroRNA-21 (MiR-21) is one of the early identified and most widely investigated miRNAs [9] . Several studies reported its up-regulation in various hematological and solid-organ neoplasms such as cutaneous T-cell lymphoma, multiple myeloma, colorectal cancer and cervical cancer [10] [11] [12] [13] . Therefore, miR-21 may be utilized as a diagnostic and prognostic marker for human cancers [14] .
MiR-21 acts as potent oncogene and has essential role in cancer initiation, progression and dissemination, through down-regulation of tumor suppressor genes [15] . We aimed to investigate the difference in the expression levels of circulating miR-21 between newly diagnosed DLBCL patients and normal apparently healthy individuals, and to assess the potential relation between miR-21 expression levels and prognosis of DLBCL patients.
Patients and Methods
After approval from Medical Ethics Committee of Menoufia University Hospitals, this prospective study was conducted on 65 patients with pathologically confirmed diffuse large B-cell lymphoma who presented to Oncology Department; Menoufia University Hospitals between December 2015 and June 2016. In addition, 35 healthy individuals were included and served as control group.
The recruited patients for the study received no previous chemotherapy or radiotherapy and had no major co-morbidities. Patients with comorbid major illness (e.g. hepatic, renal or heart diseases), performance status more than 2 or history of other cancer were excluded. After providing written consent; all patients were initially subjected to history taking, clinical examination and investigations in the form of routine laboratory tests and Computed Tomography (C.T) imaging.
Baseline information was also collected including: Demographics, tumor characteristics (size and site of involved nodes, histological characteristics, history of B symptoms, and if extra-nodal sites were involved). Staging was based on Ann Arbor staging system.
All patients initially received Rituximabcyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) regimen. All patients were evaluated every cycle by clinical examination, routine laboratory investigations including LDH.
CT body was done every 2 to 3 cycles. Follow-up duration of all patients was at least 24 months from time of diagnosis. Patients' responses to R-CHOP regimen was assessed using response evaluation criteria and were categorized into Complete Response (CR), Partial Response (PR), Progressive Disease (PD) and Stable Disease (SD). Overall patient survival (OS) time was defined as the time from the date of immunochemotherapy initiation till last follow-up or death.
Basic laboratory tests:
Patients were investigated for Complete Blood Count (CBC) using Sysmex XN-10 Hematology Analyzer (Sysmex Corporation, Kobe, Japan); C-Reactive Protein (CRP) using CRP analyzer (HEALES, Shenzhen, China); Lactate Dehydrogenase (LDH), liver and kidney function by AU680 Chemistry Analyzer (Beckman Coulter Inc; Brea, California, USA); and beta2-microglobulin using mini VIDAS immunoanalyzer (Biomerieux, Marcy l'Etoile, France).
MiR-21 expression levels analysis:
Venous blood samples were withdrawn from controls and patients prior chemotherapy for miR-21 testing. Three milliliters of blood were collected into plain vacutainer tube; left for about one hour at room temperature before being centrifuged at 3000rpm for 15min at room temperature. The serum was preserved in Eppendorf tubes at -80ºC till analysis.
MiR-21 extraction and reverse transcription:
Total RNA was isolated from 200 microliters (µL) serum using miRNeasy Mini Kit (Qiagen, Hilden, Germany) in accordance with the manufacturer's instructions. Isolated RNA quantity was measured spectrophotometrically by NanoDrop 2000 (Thermo Scientific, Wilmington, Delaware, USA). Isolated RNA was then reversely transcribed by TaqMan MiRNA Reverse Transcription Kit (Applied Biosystems, Foster City, California, USA).
Real-time reverse transcription PCR (RT-qPCR):
Real-time PCR was achieved by TaqMan Universal Master Mix II Kit (Applied Biosystems). The expression of miR-21 was analyzed by ABI 7500 Real-Time PCR system (Applied Biosystems) with the subsequent reaction conditions: Initial at 95ºC (10 minutes), 40 cycles at 95ºC (15 seconds) and at 60ºC (60 seconds). Reverse transcription and PCR primers were supplied by (Applied Biosystems); miR-21 (hsa-miR-21; ID 000397) (target gene) and U6 (U6 snRNA; ID 001973) (reference control gene).
MiR-21 relative expression levels were calculated and normalized to U6 using the equation 2 -∆∆CT ; where CT is the threshold cycle; ∆CT=CT (target gene) -CT (reference gene) and ∆∆Ct= ∆Ct (tested sample) -∆Ct (control sample).
Statistical analysis:
Data were analyzed by SPSS Version 23 (IBM Corp, USA). Chi-square test ( χ 2 ) was used to study association between qualitative variables. Mann Whitney's and student's t-test were used to compare quantitative variables in two groups of abnormally and normally distributed data respectively. Receiver Operator Characteristic (ROC) curve was employed in the assessment of specificity and sensitivity of miR-21 as predictive marker. Kaplan-Meier method with log rank test was done to estimate patients' Overall Survival (OS). p-values of less than 0.05 were considered significant.
Results

Patient characteristics:
A total of 65 DLBCL patients were included in our study. The median age was 55 (range: 
Optimal cut-off value for miR-21 and association between miR-21 expression levels and clinical and laboratory parameters:
The ROC curve for miR-21 was used to determine the cut-off value. Area Under the Curve (AUC) was 0.97 and optimal cut-off value was 4.97, with 91.0% sensitivity and 89.7% specificity Fig. (2) . There were 29 patients with miR-21 expression levels less than 4.97 and 36 patients with miR-21 expression levels more than 4.97. MiR-21 expression levels were closely associated with stage, C-Reactive Protein (CRP), Lactate Dehydrogenase (LDH), β 2 microglobulin and initial response to therapy (p<0.001; p=0.02; p=0.003; p<0.001; p=0.042 respectively). However, there was no relationship with other characteristics, such as gender, age, B symptoms, extranodal site involvement and International Prognostic Index (IPI) (all p s >0.05).
Prognostic significance of serum miR-21 in patients with DLBCL:
The Kaplan-Meier analysis was performed to determine whether miR-21 was associated with OS. The overall DLBCL patients survival time was significantly lower in the high miR-21 group in comparison with the low miR-21 group (log rank test, p=0.01; Fig. (3) ).
Overall survival (months) Fig. (3) : Kaplan-Meier analysis of overall survival in DLBCL patients.
Discussion
The utilization of various circulating miRNAs as non-invasive cancer biomarkers has become important and promising field of research due to valuable characteristics of miRNAs such as particular miRNA expression profile for each cancer and high stability [16] .
MiR-21 was identified for the first time as micro-oncogene in human glioblastoma by blocking the expression of essential apoptosis-associated genes [17] . An oncogenic function of miR-21 and its role in lymphomagenesis has been supported by its high expression in B-cell malignancies [18] [19] [20] . Moreover miR-21 was documented to control the resistance of DLBCL cells to the CHOP based chemotherapy protocol [21] .
A study by Li et al., [22] reported negative correlation between the expression of miR-21 and PTEN protein in DLBCL tissues, and suggested PTEN as one of the target cancer suppressor gene of miR-21 in DLBCL.
MiR-21 was previously documented to be overexpressed in DLBCL [22] [23] [24] , while thorough analysis of this miRNA in serum samples of both DLBCL patients and healthy controls was rare, Relative miRNА-21 expression level and its prognostic value showed conflicting results between different studies which might be explained by different types of samples, study cohort and therapy regimens [24, 25] .
In the present study increased relative expression of serum miR-21 in DLBCL patients in comparison with healthy controls was revealed. This finding was consistent with the previous results reported by Li et al., [22] , Go et al., [23] , both studies analyzed miR-21 expression in DLBCL tissues, and also with Li et al., [24] who used serum samples for miR-21 expression estimation.
We also demonstrated that high MiR-21 expression levels were closely associated with advanced stage; poor response to therapy and elevated serum CRP, LDH and (3 2 microglobulin levels. However, there was no relationship with other patients' characteristics including gender, age, B symptoms, extranodal site involvement and IPI.
A number of previous studies have revealed the association between MiR-21; and different clinical features and laboratory findings of DLBCL patients. Similar to our results, Go et al., [23] detected that miR-21 was significantly overexpressed in DLBCL with advanced stage with no relationship found between miR-21 expression and other clinicopathological parameters as age, gender, B symptoms and extranodal site involvement. Inconsistent with our results; Li et al., [24] demonstrated significant association between miR-21 expression and the presence of B symptoms. However, no correlation was found with other features like stage and serum CRP.
In accordance with our results, Fu et al., [26] and Song et al., [27] revealed that miR-21 expression was correlated with clinical stage and serum LDH level. Zheng et al., [28] detected high miR-21 expression in DLBCL patients with advanced stage but no relationship was found between miR-21 expression and other characteristics including gender, age and extranodal site involvement.
Interestingly; our study revealed association between inferior OS and high miR-21 expression levels. Similarly, Go et al., [23] and Li et al., [24] showed that high expression of miR-21 was significantly associated with decreased overall survival. Against our findings, Munch-Petersen et al., [29] revealed no association between miR-21 expression on DLBCL tissue samples and overall survival.
In summary, we demonstrated that DLBCL patients with high expression of miR-21 had a significantly worse prognosis compared to DLBCL patients with low expression of miR-21. We also revealed significant association between miR-21 expression levels and various clinical and laboratory data.
With previous findings reported miR-21 as potent oncogene through down-regulation of multiple tumor suppressor genes; our findings provided serum miR-21 as promising valuable biomarker to predict the clinical outcome of DLBCL patients and as potential candidate for targeted therapy of DLBCL.
